































	 An	 ultra‐sensitive	 and	 highly	 selective	 non‐extractive	 spectrophotometric	 method	 is
presented	for	the	rapid	determination	of	iron	(III)	at	trace	levels	using	1,2‐dihydroxybenzene‐
3,5‐disulfonic	 acid	 (Tiron)	 as	 a	 new	spectrophotometric	 reagent	 (max	=	 665	nm)	 in	 slightly
acidic	 aqueous	 (2×10‐6	 ‐	 2×10‐5	 mol/L	 H2SO4)	 solution.	 The	 reaction	 is	 instantaneous	 and
absorbance	 remains	 stable	 for	 over	 24	 h.	 The	 average	 molar	 absorption	 coefficient	 and
Sandell’s	sensitivity	and	detection	limit	were	found	to	be	6.0×105	L/mol.cm,	10	ng/cm2,	and	1


















Iron	 plays	 a	 dual	 role	 in	 human	 biochemistry	 as	 in	 trace	
amounts,	 it	 is	 an	 essential	 nutrient,	 while	 large	 amounts	 are	
toxic	and	carcinogenic	[1].	The	essentiality	and	toxicity	of	iron	
depend	 on	 its	 oxidation	 states	 or	 the	 forms	 in	 which	 it	 was	
supplied.	Iron	in	trace	amounts	is	important	industrially	[2],	as	
a	 biological	 nutrient	 [3],	 toxicant	 [4],	 environmental	pollutant	
[5],	 and	 occupational	 hazards	 [6].	 The	 industrial	 uses	 of	 iron	
and	 its	 compound	 are	 too	 numerous	 [7].	 It	 is	 the	 major	
constituent	in	steel	making.	Several	iron	oxide	form	find	use	as	
paint	 pigments,	 polishing	 compounds,	 magnetic	 inks,	 and	
coatings	 for	 magnetic	 tapes.	 The	 soluble	 salts	 are	 variously	
used	 as	 dyeing	 mordant,	 catalysts,	 pigments,	 fertilizer,	 feeds,	




In	 human	 iron	 is	 an	 essential	 component	 involved	 in	 oxygen	
transport	 [9,10].	 It	 is	 also	 essential	 for	 the	 regulation	 of	 cell	
growth	 and	 differentiation	 of	 iron	 limits	 oxygen	 delivery	 to	
cells	 [11],	 resulting	 in	 fatigue,	 poor	 work	 performance	 and	
decreased	immunity	[9].	On	the	other	hand,	excess	amounts	of	
iron	 can	 result	 in	 toxicity	 and	 even	 death	 [12].	 Toxicology	
considerations	 are	 important	 in	 terms	 of	 iron	 deficiency	
(anemia)	 and	 accidental	 acute	 exposure	 and	 chronic	 iron	
overload	 due	 to	 idiopathic	 hemochromatosis	 or	 as	 a	
consequence	 of	 excess	 dietary	 iron	 or	 frequent	 blood	
transfusions.	The	immediate	cause	of	death	from	the	inorganic	
compounds	 of	 iron	 in	 animals	 is	 respiratory	 failure.	 Clinical	
signs	 preceding	 death	 are	 anorexia	 oligodipsia,	 oliguria,	
alkalosis,	 diarrhea,	 loss	 of	 body	 weight,	 hypothermia	 and	
alternating	 irritability	 and	 depression.	 In	 human	 poisonings,	
symptoms	 of	 iron	 intoxication	 include	 vomiting,	 cirrhosis	 of	
liver,	 hemochromatosis,	 diarrhea,	 lethargy,	 coma,	 irritability,	
seizures	and	abdominal	pain	[8].	All	these	findings	cause	great	
concern	 regarding	 public	 health,	 demanding	 accurate	
determination	of	this	metal	ion	at	trace	and	ultra‐trace	levels.	
Spectrophotometry	 is	 one	 of	 the	 most	 powerful	 tools	 in	
chemical	 analysis.	 1,2‐dihydroxy‐benzene‐3,5‐disulfonic	 acid	
(Tiron)	 (Scheme	 1)	 has	 not	 previously	 been	 used	 for	 the	
spectrophotometric	 determination	 of	 iron.	 The	 method	
possesses	 distinct	 advantages	 over	 existing	 methods	 [13‐18]	
with	 respect	 to	 sensitivity,	 selectivity,	 range	of	determination,	
simplicity,	speed,	pH/acidity	range,	thermal	stability,	accuracy,	
























































































iron(III)	 to	 produce	 a	 highly	 absorbent	 navy‐blue	 chelate	
product	followed	by	a	direct	measurement	of	the	absorbent	in	
an	aqueous	solution.	With	suitable	masking,	the	reaction	can	be	







A	 Shimadzu	 (Kyoto,	 Japan)	 (Model	 ‐	 1800)	 double	 beam	
UV/VIS	 the	 recording	 spectrophotometer	 and	 a	 Jenway	
(England	UK)	(Model	‐	3010)	pH‐meter	with	a	combination	of	
electrodes	were	used	for	the	measurements	of	absorbance	and	
pH,	 respectively.	 A	 Shimadzu	 (Model:	 AA7000)	 atomic	








used	 throughout	 this	 study.	 Glass	 vessels	 were	 cleaned	 by	
soaking	in	acidified	solutions	of	KMnO4	or	K2	Cr2O7,	followed	by	
washing	with	concentrated	HNO3,	and	was	rinsed	several	times	
with	 high‐purity	 deionized	 water.	 Stock	 solutions	 and	
environmental	 water	 samples	 (1000	 mL	 each)	 were	 kept	 in	
polypropylene	 bottles	 containing	 1	mL	 of	 concentrated	HNO3.	







a	 known	 volume	 of	 doubly	 distilled	 deionized	 water.	 More	






iron	 was	 prepared	 by	 dissolving	 497	 mg	 of	 purified‐grade	
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(Merck	 pro	 analysis	 grade)	 FeSO4.7H2O	 in	 deionized	 water.	
More	dilute	 standard	solutions	were	prepared	by	appropriate	
dilution	 of	 aliquots	 from	 the	 stock	 solution	 with	 deionized	
water	as	and	when	required.	Concentrations	(1.79×10‐2	mol/L)	






iron	 was	 prepared	 by	 dissolving	 490	 mg	 of	 ferric	 chloride	
(FeCl3.6H2O)	(Aldrich	A.C.S.	grade)	in	doubly	distilled	deionized	
water.	 Aliquots	 of	 this	 solution	 were	 standardized	 with	
potassium	 dichromate	 solution	 [19].	 More	 dilute	 standard	





A	 1%	 potassium	 permanganate	 (Merck)	 solution	 was	

















A	 100	 mL	 stock	 solution	 of	 tartrate	 (0.01%	 w:v)	 was	





A	 100	mL	 solution	 of	 aqueous	 ammonia	was	prepared	 by	
diluting	 10	 mL	 concentrated	 NH4OH	 (28‐30%,	 ACS	 grade)	 to	





A	 100	 mL	 stock	 solution	 of	 EDTA	 (0.01%	 w:v)	 was	
prepared	by	dissolving	10	mg	ethylenediaminetetraacetic	acid	





Solutions	 of	 a	 large	 number	 of	 inorganic	 ions	 and	
complexing	 agents	were	 prepared	 from	 their	 analytical	 grade	
or	 equivalent	 grade	 water	 soluble	 salts	 (or	 the	 oxides	 and	
carbonates	 in	 hydrochloric	 acid);	 those	 of	 niobium,	 tantalum,	
titanium,	zirconium	and	hafnium	were	specially	prepared	from	
their	 corresponding	 oxides	 (Specupure,	 Johnson	 Matthey)	
according	to	the	recommended	procedures	of	Mukharji	[20].	In	





A	 volume	 of	 0.1‐1.0	 mL	 of	 a	 neutral	 aqueous	 solution	
containing	 0.2‐700	 μg	 of	 iron(III)	 in	 a	 10mL	 calibrated	 flask	
was	 mixed	 with	 a	 1:75‐1:350	 fold	 molar	 excess	 of	 the	 tiron	
reagent	solution	(preferably	2	mL	of	3×10‐3	mol/L)	followed	by	
the	 addition	 of	 0.2‐2.0	mL	 (preferably	 1	mL)	 of	 1×10‐4	mol/L	
sulfuric	 acid.	After	one	minute	 the	mixture	was	diluted	 to	 the	
mark	with	deionized	water.	The	absorbance	was	measured	at	
665	 nm	 against	 a	 corresponding	 reagent	 blank.	 The	 iron	





Water:	Water	 samples	were	 collected	 in	polythene	bottles	




polypropylene	 bottles	 from	 effected	 persons	 of	 Chittagong	
Medical	 College	 Hospital,	 Bangladesh.	 Immediately	 after	
collection	 they	were	 stored	 in	a	 salt‐ice	mixture	and	 latter,	 at	
the	laboratory,	were	kept	at	‐20	°C.	
Soil:	 Soil	 (surface)	 samples	 were	 collected	 from	 different	
locations	 in	 Bangladesh.	 Samples	 were	 dried	 in	 air	 and	
homogenized	with	a	mortar.	








mol/L	 H2SO4	 medium	 were	 recorded	 using	 the	
spectrophotometer.	The	absorption	spectra	of	the	Fe(III)‐tiron	
is	a	symmetric	curve	with	maximum	absorbance	at	665	nm	and	
the	 average	 molar	 absorption	 coefficient	 of	 6×105	 L/mol.cm	
was	shown	in	Figure	1.	The	reagent	blank	exhibited	negligible	
absorbance	despite	having	wave	length	in	the	same	region.	The	











Of	 the	 various	 acids	 (nitric,	 hydrochloric,	 sulfuric	 and	
phosphoric)	studied.	Sulfuric	acid	was	found	to	be	the	best	acid	
for	 the	 system.	 The	 absorbance	 was	 maximum	 and	 constant	
when	the	10	mL	of	solution	(1	mg/L)	contained	0.2‐2.0	mL	of	
1×10‐4	 M	 H2SO4	 at	 room	 temperature.	 Outside	 this	 range	 of	








Acidity	(M	H2SO4)	 110‐7‐310‐5 210‐6‐210‐5 (preferably,	110‐4)	
pH	 4.58	‐ 3.76 4.5	‐ 5.5	(preferably,	5.00)	
Time	(h)	 0	‐ 72 1	min	‐ 24	h	(preferably,	1	min)	
Temperature	(°C)	 10‐90 25±5




Sandell’s	sensitivity	(ng/cm2)	 1	‐ 100 10		














was	obtained	within	 few	seconds	 after	 the	dilution	 to	volume	





Effect	 of	 various	 temperatures	 (10‐90	 °C)	 on	 Fe(III)‐tiron	
system	 was	 studied.	 The	 iron(III)‐tiron	 system	 attained	





Different	 molar	 excesses	 of	 tiron	 were	 added	 to	 a	 fixed	
metal	 ion	 concentration	 and	 absorbances	 were	 measured	
according	to	the	standard	procedure.	It	was	observed	that	at	1	
mg/L	 Fe(III)	 metal,	 the	 reagent	 molar	 ratios	 of	 1:75‐1:350	
produced	 a	 constant	 absorbance	 of	 the	 Fe‐chelate	 (Figure	 3).	





The	well‐known	 equation	 for	 spectrophotometric	 analysis	
in	 very	dilute	 solutions	derived	 from	Beer’s	 law.	The	effect	of	
metal	 concentration	 was	 studied	 over	 0.01‐100	 mg/L	
distributed	 in	 four	different	sets	(0.01‐	0.10,	0.1‐1.0,	1‐10	and	
10‐100	 mg/L)	 for	 convenience	 of	 measurement.	 The	
absorbance	 was	 linear	 for	 0.02‐70.00	 mg/L	 of	 Fe(III)	 at	 665	
nm.	The	molar	 absorption	 coefficient	 and	 Sandell’s	 sensitivity	
[23]	were	6×105	L/mol.cm	and	10	ng/cm2,	respectively.	Of	the	
four	 calibration	curves,	 the	 first	 three	pass	 through	 the	origin	




















results	 are	 summarized	 in	 Table	 3.	 As	 can	 be	 seen,	 a	 large	
number	of	ions	have	no	significant	effect	on	the	determination	
of	 iron.	Only	 iron(II)	 interferes	 and	 in	 order	 to	 eliminate	 this	
interference	 1,10‐phenanthroline	 is	 used	 as	 masking	 agents.	






Species,	x	 Tolerance	ratio,	[Species	(x)/Fe	(w:w)] Species,	x Tolerance	ratio,	[Species	(x)/Fe	(w:w)]
Acetate	 100	 Lead(II)	 100
Aluminum	 100	 Magnesium		 100	
Ammonium		 1000	 Manganese(II)	 1000	
Arsenic(III)	 50	 Manganese(VII)	 100	
Arsenic	(V)	 500	 Mercury(II)	 100	
Ascorbic	acid	 500	 Molybdenum(VI) 50	
Antimony	 50	 Nickel(II) 500
Azide	 100	 Nitrate 1000
Barium	 100	 Oxalate	 20
Beryllium(II)	 100	 Phosphate 1000
Bromide	 1000	 Potassium 1000
Phosphate	 100	 Selenium(IV) 25
Cadmium	 100	 Selenium(VI)	 1000	
Calcium	 200	 Silver 100
Cesium		 1000	 Sodium	 50	
Chloride	 1000	 Strontium	 100	
Chromium(III)	 100	 Tartrate 100
Chromium(VI)	 100	 Tellurium 500
Citric	acid	 50	 Thiocyanate 10
Copper	(II)	 100	 Tin(II)	 50
Cyanide	 1000	 Tin(IV) 100
Carbonate	 50	 Titanium(IIII) 100
Cerium(III)	 100	 Tungsten(VI) 100
EDTA	 10	 Vanadium(V)	 50	
Fluoride	 1000	 Zinc	 100	
Iron(II)	 50	b	 Lithium	 100	
















































The	 amount	 mentioned	 is	 not	 the	 tolerance	 limit	 but	 the	
actual	 amount	 studied.	 However,	 for	 those	 ions	 whose	












The	 precision	 of	 the	 present	 method	 was	 evaluated	 by	
determining	different	concentrations	of	 iron	(each	analyzed	at	
least	five	times).	The	relative	standard	deviation	(n	=	5)	was	0‐
3%	 for	 0.2‐700.0	 μg	 of	 iron(III)	 in	 10	mL,	 indicating	 that	 this	
method	is	highly	precise	and	reproducible.		
The	 detection	 limit	 (3s/S	 of	 the	 blank)	 and	 Sandell’s	



































































































































































































The	 proposed	 method	 was	 successfully	 applied	 to	 the	
determination	 of	 iron(III)	 in	 a	 series	 of	 synthetic	mixtures	 of	
various	 compositions	 (Table	 4)	 and	 also	 in	 a	 number	 of	 real	
samples	 e.g.	 several	 Certified	 Reference	 Materials	 (CRMs)	
(Table	5).	The	method	was	also	extended	to	the	determination	
of	 iron	 in	 a	 number	 of	 environmental,	 biological,	 pharma‐
ceutical,	 soil	 and	 food	 samples.	 In	 view	 of	 the	 unknown	
composition	 of	 environmental	 water	 samples,	 the	 same	
equivalent	 portions	 of	 each	 such	 samples	 were	 analyzed	 for	
iron	content;	the	recoveries	in	both	the	“spiked”	(added	to	the	
samples	 before	 the	 mineralization	 or	 dissolution)	 and	 the	
“unspiked”	 samples	 are	 in	 good	 agreement	 (Table	 6).	 The	
results	 of	 biological	 analyses	 by	 spectrophotometric	 method	
were	found	to	be	in	excellent	agreement	with	those	obtained	by	





results	of	 speciation	of	 iron(II)	and	 iron(III)	 in	mixtures	were	








Serial	no	 Sample	 Iron	(mg/L)	 Sample	source	a	
AAS	(n	=	5)	 Proposed	method	(n	=	5)































































































































Several	 synthetic	 mixtures	 of	 varying	 compositions	
containing	iron	and	diverse	ions	of	known	concentrations	were	
determined	by	the	present	method	and	the	results	were	found	






A	 0.1	 g	 amount	 of	 a	 brass	 or	 alloy	 or	 steel	 sample	
containing	 0.43‐34.26%	 of	 iron	 was	 weighed	 accurately	 and	
placed	 in	 a	 50	 mL	 erlenmeyer	 flask	 following	 a	 method	
recommended	 by	 Parker	 [27].	 To	 it,	 10	 mL	 of	 concentrated	
HNO3,	 1	mL	 of	 concentrated	H2SO4	 and	1‐2	mL	of	 1%	KMnO4	
were	 added	 to	 oxidize	 Fe(II)	 to	 Fe(III),	 excess	 of	 KMnO4	was	
removed	 by	 addition	 of	 1‐2	 mL	 of	 freshly	 prepared	 2.5%	
sodium	 azide	 solution	 and	 carefully	 covering	 the	 flask	with	 a	
watch	glass	until	the	brisk	reaction	subsided.	The	solution	was	
heated	 to	drive	off	excess	azide	solution	and	simmered	gently	
after	 the	 addition	 of	 5	 mL	 of	 concentrated	 HNO3	 until	 all	
carbides	 were	 decomposed.	 The	 solution	 was	 carefully	












Fe(III) Fe(II) Fe(III) Fe(II) Fe(III)	 Fe(II)
1	 1:1	 1.00 1.00 0.99 0.98 0.01	 0.02
2	 1:1	 1.00 1.00 1.00 1.00 0.00	 0.00
3	 1:1	 1.00 1.00 0.98 0.99 0.02	 0.01
Mean	error:	Fe(III)=	±0.01	;	Fe(II)=	±0.01	
Standard	deviation:	Fe(III)=	±0.005	;	Fe(II)=	±0.006	
1	 1:3	 1.00 3.00 0.98 2.98 0.02	 0.02
2	 1:3	 1.00 3.00 0.98 2.99 0.02	 0.01
3	 1:3	 1.00 3.00 0.99 2.98 0.01	 0.02
Mean	error:	Fe(III)=	±0.016	;	Fe(II)=	±0.016	
Standard	deviation:	Fe(III)=	±0.0058;	Fe(II)=	±0.006	
1	 1:5	 1.00 5.00 0.99 4.98 0.01	 0.02
2	 1:5	 1.00 5.00 1.00 4.99 0.00	 0.01








The	 solution	 was	 then	 cooled	 and	 neutralized	 with	 a	 dilute	
NH4OH	 solution.	 The	 resulting	 solution	 was	 filtered,	 if	
necessary,	through	a	Whatman	No.	40	filter	paper	into	a	25	mL	
calibrated	 flask.	The	residue	was	washed	with	a	small	volume	
of	 hot	 (1+99)	 H2SO4,	 followed	 by	 water	 and	 the	 volume	 was	
made	up	to	the	mark	with	deionized	water.	
A	suitable	aliquot	(1‐2	mL)	of	the	above	solution	was	taken	
into	 a	 10	 mL	 calibrated	 flask	 and	 the	 iron	 content	 was	
determined	 as	 described	 under	 procedure.	 Based	 on	 five	
replicate	 analyses,	 average	 iron	 concentration	 determined	 by	








a	 fume	 cupboard	 and	 1‐2	 mL	 of	 KMnO4,	 following	 a	 method	




then	 cooled	 and	 neutralized	with	 dilute	 NH4OH	 solution.	 The	
resulting	 solution	 was	 then	 filtered	 (if	 necessary)	 and	









[28].	 The	 concentration	 of	 iron	 in	 natural	 and	 sea‐water	 is	 a	







in	 polyethane	 bottles	 from	 the	 affected	 persons.	 Immediately	
after	collection,	they	were	stored	in	a	salt‐ice	mixture	and	later,	
at	the	laboratory,	were	kept	at	‐20	°C.	The	samples	were	taken	
into	 a	 100	mL	micro‐Kjeldahl	 flask.	 Glass	 bead	 and	 10	mL	 of	
concentrated	nitric	 acid	were	 added	 and	 the	 flask	was	placed	
on	 the	 digester	 under	 gentle	 heating.	 When	 the	 initial	 brisk	
reaction	 was	 over,	 the	 solution	 was	 removed	 and	 cooled	
following	a	method	recommended	by	Stahr	[31].	1	mL	volume	
of	 concentrated	 sulfuric	 acid	 and	 1‐2	mL	 of	 1%	 KMnO4	were	
added	 carefully	 and	 excess	 of	 KMnO4	 was	 removed	 by	 2.5%	
freshly	 prepared	 sodium	 azide	 solution	 followed	 by	 the	
addition	of	0.5	mL	of	70%	HClO4	and	heating	was	continued	for	
at	least	½	hr	to	remove	excess	azide	solution	and	then	cooled.	
The	 solution	 of	 flask	 then	 neutralized	 with	 dilute	 NH4OH	
solution.	 The	 resultant	 solution	 was	 then	 transferred	
quantitatively	into	a	10	mL	calibrated	flask	and	made	up	to	the	
mark	with	deionized	water.	
A	 suitable	 aliquot	 (1‐2	 mL)	 of	 the	 final	 solution	 was	
pipetted	into	a	10	mL	calibrated	flask	and	the	iron	content	was	
determined	 as	 described	 under	 the	 general	 procedure.	 The	
results	 of	 biological	 analyses	 by	 the	 spectrophotometric	
method	 were	 found	 to	 be	 in	 excellent	 agreement	 with	 those	
obtained	by	AAS.	The	results	are	shown	in	Table	7.	
The	abnormally	high	value	for	the	liver	cirrhosis	patient	is	
probably	 due	 to	 the	 involvement	 of	 high	 iron	 concentration	
with	Cu	and	Zn.	Occurrence	of	such	high	iron	contents	are	also	






accurately	 and	 placed	 in	 a	 100mL	 micro‐Kjeldahl	 flask.	 The	
sample	was	 digested	 in	 the	presence	 of	 a	 oxidizing	 agen	 (1%	
KMnO4),	 following	 the	 method	 recommended	 by	 Hesse	 [32].	
Excess	 of	 KMnO4	 was	 removed	 by	 2.5%	 freshly	 prepared	
sodium	azide	solution	and	heating	was	continued	for	at	least	½	
hr	 to	 remove	 excess	 azide	 solution	 and	 then	 cooled.	 The	




Suitable	 aliquots	 (1‐2	mL)	were	 transferred	 into	 a	 10	mL	
calibrated	flask	and	a	calculated	amount	of	1×10‐4	mol/L	H2SO4	
needed	 to	 give	 a	 final	 acidity	 of	 2×10‐6	 ‐	 2×10‐5	mol/L	H2SO4	
was	added.	The	iron	content	was	then	determined	by	the	above	





An	 air	 dried	 food	 sample	 Banana	 (50	 g),	 tomato	 (50	 g),	
aruma	(50	g),	Guava	(50	g),	egg	(1	piece)	and	Cow’s	milk	(100	
mL),	 Date	 juice	 (100	 mL)	 were	 taken	 in	 a	 100	 mL	 micro‐
Kjeldahl	 flask.	 A	 glass	 bead	 and	 10	mL	 of	 concentrated	 nitric	
acid	were	added	and	the	flask	was	placed	on	the	digester	under	
gentle	 heating.	 When	 the	 initial	 brisk	 reaction	 was	 over,	 the	
solution	 was	 removed	 and	 cooled	 following	 a	 method	
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recommended	 by	 Stahr	 [31].	 1	 mL	 volume	 of	 concentrated	
sulfuric	 acid	 and	 1‐2	mL	 of	 1%	 KMnO4	were	 added	 carefully	
and	 excess	 of	 KMnO4	was	 removed	 by	 2.5%	 freshly	prepared	
sodium	 azide	 solution	 followed	 by	 the	 addition	 of	 0.5	 mL	 of	
70%	 HClO4	 and	 heating	 was	 continued	 for	 at	 least	 ½	 hr	 to	
remove	 excess	 azide	 solution	 and	 then	 cooled.	 The	 resultant	
solution	 was	 then	 transferred	 quantitatively	 into	 a	 50mL	
calibrated	flask	and	made	up	to	the	mark	with	deionized	water.	
A	 suitable	 aliquot	 (1‐2	 mL)	 of	 the	 final	 solution	 was	
pipetted	into	a	10mL	calibrated	flask	and	the	iron	content	was	







Finished	 pharmaceutical	 samples	 (Iron	 containing	 tablet	
and	syrap)	were	quantitatively	taken	in	a	beaker.	Added	10mL	
of	conc.	nitric	acid	and	heated	to	dryness	and	then	added	10mL	
of	20%	 (v:v)	 of	 sulfuric	 acid	 and	1‐2	drops	of	 perchloric	 acid.	
The	 volume	was	 reduced	 to	 2‐5	mL	 and	 then	 cooled	 to	 room	
temperature.	 The	 solution	 was	 then	 neutralized	 with	 dilute	
NH4OH	in	the	presence	of	a	1‐2	mL	0.1%	(w:v)	KMnO4	solution	





A	 suitable	 aliquot	 (1‐2	 mL)	 of	 the	 final	 solution	 was	
pipetted	into	a	10mL	calibrated	flask	and	the	iron	content	was	






Suitable	 aliquots	 (1‐2	 mL)	 of	 iron(III	 +	 II)	 mixtures	
(preferably	1:1,	1:3,	1:5)	were	taken	in	a	25	mL	conical	flask.	A	
few	drops	of	0.05	mol/L	sulfuric	acid	and	1‐3	mL	of	1%	(w:v)	
potassium	 permanganate	 solution	 were	 added	 to	 oxidize	
iron(II).	 A	 5	mL	 volume	 of	water	was	 added	 to	 the	mixtures,	
which	were	 then	heated	on	 a	 steam	bath	 for	 10‐15	min,	with	
occasional	 gentle	 shaking,	 and	 then	 cooled	 to	 room	




cooled	 to	 room	 temperature.	 The	 reaction	 mixture	 was	
neutralized	with	 dilute	 NH4OH	 and	 transferred	 quantitatively	
into	 a	 10	 mL	 volumetric	 flask.	 Then	 the	 total	 iron(III+II)	
content	 was	 determined	 according	 to	 the	 general	 procedure	
with	the	help	of	the	calibration	graph.		
An	 equal	 aliquot	 of	 the	 above	 iron(III	 +	 II)	 mixture	 was	
taken	 into	 a	 25	 mL	 beaker.	 One	 ml	 of	 0.01%	 (w:v)	 1,10‐
phenanthroline	was	added	to	mask	iron(II)	and	neutralize	with	
dilute	NH4OH.	After,	the	content	of	the	beaker	was	transferred	
into	 a	 10ml	 volumetric	 flask	 and	 its	 iron	 (III)	 content	 was	
determined	 according	 to	 the	 general	 procedure.	 The	 iron	
concentration	was	calculated	in	mg/L	or	μg/L	with	the	aid	of	a	
calibration	 graph.	 This	 gives	 a	 measure	 of	 iron	 originally	
present	 as	 iron(III)	 in	 the	mixture.	 The	 value	 of	 the	 iron	 (II)	
concentration	was	calculated	by	subtracting	the	concentration	








complex	was	 developed	 for	 the	 determination	 of	 iron	 in	 real,	





the	 proposed	 method	 has	 several	 remarkable	 analytical	
characteristics:	
i) This	 method	 was	 developed	 in	 completely	 aqueous	
media,	 so	 toxic	 and	 carcinogenic	 organic	 solvents	
were	totally	avoided.	
ii) The	proposed	method	 is	highly	 sensitive	with	molar	
absorptivity	of	the	complex	of	6×105	L/mol.cm.	Thus	
amount	 of	 ng/g	 of	 iron	 can	 be	 determined	 without	
pre‐concentration.	
iii) The	 proposed	 method	 is	 very	 simple,	 rapid	 and	
stable.	 The	 reaction	 of	 iron(III)with	 tiron	 is	
completed	rapidly	in	aqueous	medium	within1min	at	
room	 temperature	 and	 offer	 the	 advantage	 of	 high	
complex	stability	(24	h).	
iv) The	 method	 has	 added	 advantages	 of	 determining	
individual	amounts	of	Fe(III)	and	Fe(II).	
v) With	 suitable	 masking	 agents,	 the	 reaction	 can	 be	
made	highly	selective.	
The	proposed	method	using	 tiron	 in	 aqueous	solution	not	
only	 is	 one	 of	 the	 most	 sensitive	 methods	 for	 the	 trace	
determination	 of	 iron	 but	 also	 is	 excellent	 in	 terms	 of	
sensitivity	 and	 simplicity.	 Therefore,	 this	 method	 will	 be	
successfully	applied	to	the	monitoring	of	trace	amounts	of	iron	











[2]. Clayton,	 G.	 D.;	 Clayton,	 F.	 E.	 (eds.)	 Pathy's	 Industrial	 Hygiene	 and	
Toxicology,	3rd	edition,	Wiley,	New	York,	1981,	pp.	1658.		
[3]. Herney,	 L.	 H.	 Trace	 Element	 Analytical	 Chemistry	 in	 Medicine	 and	
Biology,	Pratter	P.	 and	Scharmel,	P.	 (eds.),	Vol.	3,	Walter	de	Gruyter,	
Berlin,	1984,	pp.	375.		
[4]. Goyter,	 R.	 A.;	 Clarkson,	 T.	 W.	 Casarette	 and	 Doull's	 Toxicology:	 The		
Basic	 Science	 of	 Poisons,	 C.	 D.	 Klaassen	 (ed.),	 6th	 edition,	Macmillan	
Publishing	Company,	2001,	pp.	827.		
[5]. Beecks,	L.	R.	Anal.	Chem.	1986,	58(9),	975A‐978A	
[6]. Key,	 M.	 M.;	 Henschel,	 A.	 F.;	 Butter,	 J.;	 Ligo,	 R.	 N.;	 Tebershed,	 I.	 R.	
Occupational	Diseases	 :	A	Guide	 to	 their	recognition,	US	Department	
of	Health,	Education	and	Welfare,	U.	S.	Govt.	Printing,	Washington,	D.	
C.	1977.		
[7]. Venugopal,	 B.;	 Luckey,	 T.	 D.	 Metal	 Toxicity	 in	 Mammals‐2,	 Plenum	
Press,	New	York,	1979,	pp.	275.		
[8]. Clayton,	 G.	 D.;	 Clayton,	 F.	 E.	 (eds.),	 Patty’s	 Industrial	 Hygiene	 and	
Toxicology,	Wiley,	New	York,	Vol.	2,	3rd	edition,	1981,	pp.	1662.		
[9]. Institute	 of	 Medicine,	 Food	 and	 Nutrition	 Board,	 Dietary	 Reference	
Intakes	 for	 vit.	 A,	 vit.	 K,	 Arsenic,	 Chromium,	 Copper,	 Iodine,	 Iron,	














[18]. Stalikas,	 C.	 D.;	 Pappas,	 A.	 C.;	 Karayannis,	 M.	 I.;	 Veltsistas,	 P.	 G.	
Microchim.	Acta	2003,	142(1‐2),	43‐48.	























[31]. Stahr,	H.	M.	Analytical	Methods	 in	Toxicology,	3rdedition,	 John	Wiley	
and	Sons,	New	York,	1991,	pp.	75.	










Directory	 for	 Environmental	 Technology	 (Green	 Pages)	 2010,	 URL:	
http://www.eco‐web.com/edi/100412.html,	ID:100412.	
[39]. Soomro,	R.;	Ahmed,	M.	J.;	Najma,	M.	Turk.	J.	Chem.	2011,	35(11),	155‐
170.		
	
